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aa1 is S, 61 A, D, K, R or T; 
aa2 is L, F, I, M or W; 
aa3 is F or Li 
aa4 is any v amin6 acid; 
aa5 is any a^pwtlolacid; and 
aa6 is G or A. N 




7. (twice-amended) The method of claim 1 wherein the antibody composition is 
obtained by immunizingx another individual with a carrier-conjugated peptide comprising the 
conserved motif of amVo\a6ids [sequence]. 



REMARKS 



Claims 1 -12 are pending. 

Claims 13 - 39 are withdrawn from consideration. 

Applicants respectfully request reconsideration and allowance of the claims, as 
amended, in view the remarks herein and the other amendments to the application. Before 
addressing each of the items at pages 2 - 10 of the Office Action, Applicants apprise the 
Examiner that the Specification has been reviewed for typographical and grammatical errors 
and appropriate correction made by amendment thereto. Applicants respectfully submit that the 
corrections are only to matters of form and that no new matter is introduced by way of these 
amendments. 



Comments on the Amendments to the Claims 



The claims have been amended, as set forth above, to address the issues under 35 
(JSC § 103 and § 112. More particularly, the amendments to the claims are intended to more 
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precisely recite the class of 6-mer and 7-mer polypeptides used in the method of the instant 
invention. Also, the amendments are intended to even more clearly indicate that the method of 
passive immunization uses a substantially isolated antibody that recognizes and binds a specific 
class of polypeptides having a conserved motif of amino acids. This is to better distinguish over 
antisera obtained from the immunization of an animal with intact E2 antigen, wherein the 
antisera purportedly contains antibodies against any and all immunogenic epitopes (Office Action 
Items 19 & 20 below). Support for the claim amendments is found in the specification, for 
example, at page 7, lines 24 - 29, page 24, lines 20 -23, page 25, lines 4 - 7, and Example 2 
beginning at page 30. It is believed that no new matter has been added by way of these 
amendments. 

Office Action Item 16: Use of Trademarks 

The Examiner has maintained his position with regard to amendment of the specification 
to provide the generic terminology for each of the trademarks that appears in the disclosure. 

In compliance with the Examiner's request, the specification has been amended to 
correct all trademark usage as well as to include the generic terminology for each of the marks. 
Applicants submit that no new matter has been introduced in making these amendments. 

Office Action Items 17 & 18: Objection to the Specification and Rejection of Claims 1-12 Under 
35 USC §112. First Paragraph 

The objection to the specification and the rejection of claims 1 - 12 under 35 USC §112, 
first paragraph, stand for the reasons set forth in paragraph 20, sections A - E, of the Office 
Action mailed 1/26/95. Applicants' arguments were considered, however they were not deemed 
persuasive. In summary form, the Office Action maintains that: 
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Section A 

First, the specification does not disclose how to use the instant 
invention for the treatment of HCV infection in humans by not having 
shown that the chimp model used in the specification predicts efficacy 
of the antibodies raised against the conserved motif of amino acids in 
treating humans. (The selected disclosure of Weiner et al. abstract 
(1992) is again relied on for this objection and rejection.) Also, the 
activity of the serum protein TBG as exemplified in Applicants' 
disclosure would competitively bind to an epitope encompassing the 
SLF-G motif of HCV, and therefore anti-HCV antibodies administered 
in vivo would be prevented from binding to the conserved motif. 
Further, the chimp model uses one animal and no negative controls, 
and, thus, it is unclear as to how to draw a conclusion about the 
efficacy of the experiment. 

Second, there is no evidence of record that HCV infection has ever 
been treated in humans with passive immunization, and none of the 
claims read on a method of treating HBVfsfc HCV). Furthermore, 
other viruses (such as HIV) have been refractory to antibody treatment 
(see Fahey et al., entire document.) Applicants have provided no 
evidence that the inventive method can be used to treat baboons that 
are infected with HCV prior to immunizing with the specifically raised 
antibody. This is the only use for passive immunization that is known 
in the art (e.g. use after infection.)" 



Section B 

Third, Applicants have provided no evidence that any particular 
antibody preparation against any of the particular amino acid 
sequences recited in claims 1 - 5 could be used in the method of the 
invention. 

Fourth, Applicants have provided no evidence that any particular 
antibody against any of the peptides embraced by the claims can be 
used to treat HCV infection in an individual infected with any isolate of 
HCV. The disclosure of Weiner et al. (1992) is relied on to support this 
basis. 

Fifth, Applicants have provided no evidence that all of the at least 
56,000 peptides encompassed by the formula recited in claims 1 and 2 
are immunogenic and can result in the production of antibodies which 
bind any strain of HCV. 



Section C 

Sixth, there is no evidence that the antibody that binds the 30-mer 
peptide in the chimp in Example 3 is derived from the peptides recited 
in claims 1 - 5 and no evidence as to the binding specificity of this 
particular antibody with regard to epitopes having 3 to 5 amino acids. 
Applicants' arguments presented 8/1/95, discussing the results of 
Example 2 (immune response of goats immunized with 30-mer 
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peptide) were not deemed persuasive. Further, th disclosure do s 
not stablish a nexus between the immune response of baboons and 
the immune response of goats. 

Seventh, there is (no) disclosure in the specfication as to which 
antibodies in the polyclonal antisera against the 30-mer are 
responsible for the result seen in Example 3. 

Eighth, there is no evidence that antibodies against the 30-mer do not 
recognize a conformational epitope not contained in the peptides 
recited in claims 1 and 2. 



Section D 

Ninth, Applicants have provided no evidence that the claimed peptides 
other than the 30-mer peptide of Example 3 can be used to produce 
the antibody used in the instant invention and achieve the result seen 
in Example 3. 

Tenth, Applicants have not identified the immunoprotective epitope 
recognized by the antibodies raised against the intact 30-mer peptide, 
nor whether this epitope is linear or conformational. Hence, it is 
unclear as to what region of E2HV can be used as immunogen to 
produce antibodies used in the invention other than the intact 30-mer. 



Section E 

Eleventh, Applicants have provided no evidence that the antibody used 
in Example 3 can be used to prevent HCV when the recipient of the 
antibody is exposed to any strain other than the strain used in that 
example. The disclosure of Weiner et al. is relied on to support this 
basis. Further, there is no evidence provided in the specification that 
any one particular antibody against a peptide recited in the claims 
binds any other peptide encompassed by the formula. 



Applicants again respectfully traverse the numerous purported deficiencies of the 
disclosure and request reconsideration and withdrawal of the objection and rejection in view of 
the following remarks. The first paragraph of 35 USC § 1 12 requires that 



The specification shall contain a written description of the invention, and of the 
manner and process of making and using it, in such full, clear, concise, and 
exact terms as to enable any person skilled in the art to which it pertains, or with 
which it is most nearly connected, to make and use the same, and shall set forth 
the best mode contemplated by the inventor of carrying out his invention. 
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Applicants respectfully submit that the description, as a whole, is sufficiently detailed to enable 
one of ordinary skill in the art to practice the presently claimed method of passively immunizing 
an individual against HCV. Applicants make this assertion in the context of what is required by 
the relevant case law. To satisfy the law, the disclosure must be clearly and sufficiently definite 
to guide those skilled in the art to its successful application. Mineral Separation Ltd. v. Hvde . 242 
U.S. 281 , 271 (1916). in re Marzocchi 169 USPQ 367 (CCPA 1971), holds that first paragraph 
of § 1 12 requires nothing more than objective enablement and how this is accomplished is of no 
importance. 

Again, Applicants direct the Examiner's attention to the evidence in the disclosure, as 
originally filed, to indicate that one of skill in the art would not doubt the scope of enablement. 
More specifically, the specification provides a description of 

(1) the identification and production of polypeptides having a conserved motif of amino acids 
from the E2/NS1 antigen of hepatitis C virus (e.g., the disclosure at pages 15 - 18 and Ex. 1 and 
Figs. 2 -4); 

(2) the production of mono- and poly- clonal antibodies raised against the polypeptide 
characterized by a conserved motif of amino acids, as well as the preparation of an antibody-IgG 
composition (e.g., the disclosure at pages 23 - 25 and Ex. 2, beginning at page 30); 

(3) a method of using antibodies raised against the polypeptides having a conserved motif of 
amino acids in passive immunization against HCV (e.g., the disclosure at pages 25 and Ex. 3 ); 
and 

(4) a method of using these antibodies to detect HCV antigen in a biological sample (e.g., the 
disclosure at pages 25 - 26). 

Applicants have satisfied what is required by law to establish sufficient disclosure, namely, 
setting forth how to make and use the invention, setting forth the best mode, and demonstrating 
that the invention works. Moreover, sufficient reasons for doubting the truth or accuracy of 
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assertions made in the specification must be provided before Applicants are obligated to show 
evidence supporting the truth or accuracy of the claimed invention. 

As to Section A, First and Second, the lack of human data is insufficient to establish a 
rejection under 35 USC § 1 12, first paragraph. Section 112 does not require that 
experimentation actually be performed on human subjects. Even the PTO Legal Analysis in 
support of the Utility Examination Guidelines (60 FR 36263, July 14, 1995) reiterates this point, 
stating 

"Office personnel should not impose on applicants the unnecessary burden of 
providing evidence from human clinical trials. There is no decisional law that 
requires an applicant to provide data from human clinical trials to establish utility 
for an invention related to the treatment of human disorders even with respect 
to situations where no art-recognized animal models exist for the human disease 
encompassed by the claims (Section III, D. Human Clinical Trials .citing Ex parfe 
Balzahni . 21 USPQ2d 1892 (Bd. Pat. App. & Int. 1991)). 

The PTO Legal Analysis states further that the courts have repeatedly held that a reasonable 
correlation, and not statistical certainty, between the activity in question and the asserted use is 
all that is required (Section III, A. A Reasonable Correlation Between Evidence and the Asserted 
Utility is Sufficient, citing Nelson v. Bowler . 208 USPQ 881 , 884 (CCPA 1 980)). If one skilled in 
the art would accept the animal tests as being reasonably predictive of utility in humans , 
evidence from those tests should be considered sufficient to support the credibility of the 
asserted utility. (Section III, C. Data From In Vitro or Animal Testing is Generally Sufficient to 
Support Therapeutic Utility, citing In re Krimmel . 130 USPQ 215, 219 (CCPA 1961)(defining 
"standard experimental animals" as "whatever animal is usually used by those skilled in the art to 
establish the particular pharmaceutical application in question")). 

A more recent, relevant decision that carries a higher degree of persuasive authority 
than the decisions cited hereinabove is the Federal Circuit's ruling in In re Brana , 34 USPQ2d 
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1436 (Fed. Cir. 1995). There, the Federal Circuit overruled the Patent Office for failing to 
evaluate evidence provided by the applicant with the proper level of def rence and rejected the 
PTO's requirement of a higher standard of proof of therapeutic utility. In re Brana states in part 



"... The Commissioner, as did the Board, confuses the requirements under the 
law for obtaining a patent with the requirements for obtaining government 
approval to market a particular drug for consumption. See Scoff v. Finney. ... , 
32 USPQ2d 1115, 1120 (Fed. Cir. 1994) (Testing for the full safety and 
effectiveness of a prosthetic device is more properly left to the Food and Drug 
Administration (FDA). Title 35 does not demand that such human testing occur 
within the confines of Patent and Trademark Office proceedings.")" In re Brana . 
at 1442. 



Applicants incorporate herein the remarks concerning the dearth of suitable animal 

models for testing HCV therapeutics and prophylactics, as presented at page 10 of their 

previous response. To stress what is perhaps the most important point of those earlier remarks, 

i.e., that the chimpanzee is the only reliable model recognized in the field, a Declaration Under 

37 CFR 1.132 is attached averring to this fact. Exhibit B of the Declaration (Chooetal.) 

provides further evidence that the chimp model is accepted in the field of HCV research. The 

Declaration also avers that the passive immunization test results of the chimpanzee of Example 

3 reasonably correlate to, or are reasonably predictive of, the asserted utility in humans. 

Turning again to the PTO Legal Analysis Supporting the Utility Examination Guidelines, 

"Evidence does not have to be in the form of data from an art-recognized 
animal model for the particular disease or disease condition to which the 
asserted utility relates. Data from any test that the applicant reasonably 
correlates to the asserted utility should be evaluated substantively." 

(Section III, C. Data From In vitro or Animal Testing is Generally Sufficient to Support 

Therapeutic Utility). It is respectfully submitted that Applicants* evidence of record of the 

therapeutic utility, as demonstrated in the chimpanzee model and the other examples, and 

further In conjunction with the attached Declaration satisfies both utility and enablement 

requirements. 



10 



USSN 08/061,699 
Docket 0938.001 



As to serum TBG, th re is no vidence in the record suggesting that in the presently 
disclosed method of passively immunizing a human against HCV, the conserved motif of amino 
acids of E2HV region of the E2/NS1 antigen of HCV would preferably bind to serum TBG over 
anti-HCV antibodies. Nor is there any evidence of record to suggest that serum TBG would 
competitively prevent binding of anti-HCV antibodies to the conserved region. Thus, this 
rejection, if proper at all, appears to be based upon facts within the personal knowledge of the 
Examiner. If this rejection is maintained, the Examiner is requested to provide evidence to 
support this ground of rejection pursuant to 37 CFR § 1 .107(b). 

Similarly, the requirement of providing controls in order to assess the therapeutic results 
observed in Example 3 is beyond the scope of what the law requires and the guidelines 
recommend. Neither statistical certainty nor actual evidence of success in treating humans is 
required. Rigorous correlation is not necessary when the test is reasonably predictive of the 
response. Nelson v. Bowler . 206 USPQ 881 , 883 - 884 (CCPA 1980). The protective effect of 
the passively administered antibody was measured qualitatively in Example 3 (e.g., by the 
absence of abnormalities in liver function and histology and other overt symptoms) following 
infection with not one, but 10 chimpanzee infective doses of hepatitis C virus. No signs of viral 
replication were detected where viral replication would otherwise have been inevitable given the 
infective dose. It is respectfully that this evidence is reasonably predictive of the asserted utility. 

Furthermore, that "there is no evidence of record that HCV infection in humans has ever 
been treated with passive immunization" (Office Action, page 4) is doubt beyond the scope of § 
112, first paragraph. In fact, Applicants are not required to provide evidence sufficient to 
establish that an asserted utility is true beyond a reasonable doubt. In re Irons . 144 USPQ 351, 
354 (1965). Rather, the evidence is sufficient if, considered as a whole, it leads a person of 
ordinary skill in the art to conclude that the asserted utility is more likely than not true. (PTO 
Legal Analysis Supporting the Utility Examination Guidelines, Section II, F. Evaluation of 
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Evidence Related to Utility) There is no reason to believe, and none exists in the record, that the 
protective effect observed in Example 3 will not also occur in human subj cts. Thus, it appears 
that the rejection is based upon facts within the personal knowledge of the Examiner. The 
Examiner Is requested to provide evidence to support this ground of rejection pursuant to 37 
CFR§ 1.107(b). 

Note that very recently, enablement was found to be sufficient in a situation where one 
taught the public that a compound exhibits some desirable pharmaceutical property in a standard 
experimental animal and thus had made a significant and useful contribution to the art, even 
though it may eventually appear that the compound is without value in the treatment of humans. 
In re Brana . 34 USPQ2d 1436, 1442 (CAFC 1995)(citing In re Krimmel. at 219). Thus, 
hypothetical^ speaking, even if upon testing anti-HCV antibodies in human clinical trials the 
protective effect of passive immunization, observed in the chimp model, is not as promising in 
human subjects, In re Brana indicates that this will not negate the sufficiency of the enablement. 
The result seen in Applicants' Example 3, as well as in the other examples, constitutes a 
significant and useful contribution to the art. 

Applicants disagree with the reasoning in the Office Action that attempts to place HCV 
in the "same" category with HIV. In particular, reference was made to Fahey et al. for disclosing 
that HIV is refractory to antibody treatment, and, hence, this is sufficient basis for doubting 
Applicants' utility of passive immunization with anti-HCV antibodies. HIV and HCV are dissimilar 
viruses and are not taxonomically related as they are in two different virus families, Retroviridae 
and Flaviviridae, respectively. Although both HCV and HIV are RNA viruses, the mode of viral 
replication for each is different. Retroviruses such as HIV replicate from RNA to DNA to mRNA. 
HCV does not translate to DNA during replication evidenced by the absence of reverse 
transcriptase. Rather the single strand RNA genome of HCV is transcribed directly into protein. 
HIV is further characterized by having many different reading frames, whereas HCV is a long 
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polyprotein with a single reading frame. Accordingly, the two viruses are disparate in their 
replication patterns and protein composition, such that the results of HIV research are not 
predictive of the anticipated success or failure of antibody-based therapy for HCV. Hence, it is 
respectfully submitted that reliance on Fahey et al. to support an enablement rejection is not 
proper. 

Applicants are not required under 35 USC § 112, first paragraph, to provide evidence of 
a previously HCV -infected chimpanzee being treated with anti-HCV antibodies, as suggested by 
the Examiner, as proof of the passive immunization presently claimed. Moreover, Applicants 
disagree with the statement "This is the only use for passive immunization that is known in the 
art (e.g. use after infection.)" It is well-established in the field of immunology that passive 
immunization can be used prophylactically, that is. prior to or immediately after exposure. (See 
attached Barrett, J., Basic immunology and its medical application , 2 nd Ed., pg. 17 (1980).) 
Passive immunization can also be used less efficiently in therapeutic applications. Ibid. Thus, 
the protocol used in Example 3, in which the uninfected chimpanzee was first administered anti- 
E2HV sheep IgG preparation followed by administration of 10 chimpanzee-infective doses of 
HCV, is properly a passive immunization protocol for a prophylactic therapy. Moreover, the law 
does not require that each and every embodiment of an invention be exemplified to satisfy the 
enablement requirement. An applicant need not provide a specific example of everything 
embraced by a broad claim. In re Anderson (CCPA 1973) 176 USPQ 331. In fact, Applicants 
have exemplified various aspects of the invention, namely, the identification and production of 
polypeptides having a conserved motif of amino acids from the E2/NS1 antigen of hepatitis C 
virus (e.g., the disclosure at pages 15 - 18 and Ex. 1 and Figs. 2 - 4), the production of mono- 
and poly- clonal antibodies raised against the polypeptide characterized by a conserved motif of 
amino acids, as well as the preparation of an antibody-IgG composition (e.g., the disclosure at 
pages 23 - 25 and Ex. 2, beginning at page 30), a method of using antibodies raised against the 
polypeptides having a conserved motif of amino acids in passive immunization against HCV 
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(e.g., the disclosure at pages 25 and Ex. 3 ), and a method of using these antibodies to detect 
HCV antigen in a biological sample (e.g., the disclosure at pages 25 - 26). 

The individual bases of Section B, Third, Fourth and Fifth and Section E, Eleventh are 
again traversed. First, all of the preceding remarks and case citations which address the issue 
of enablement requirements apply equally to these bases. Second, there is no requirement 
that each embodiment of an invention be operable and exemplified. The inclusion of 
nonoperable embodiments is not a bar to patentability. There is no requirement in Section 1 12 
that all of the claimed compounds (encompassed by a generic claim) must possess the same 
degree of utility. In re Gardner (CCPA 1 973) 224 USPQ 409. The mere fact that routine 
experimentation might be required to determine whether any particular embodiment would be 
useful in the claimed method alone is not sufficient reason to deny claims to the method which 
utilizes antibodies raised against a class of 140 conserved peptides. See Atlas Power Co. v. 
E.I. Du Pont De Nemours & Co. (CAFC 1984) 224 USPQ 409. Also, it is not the function of the 
claims to specifically exclude possible inoperative substances. Id. 

Therefore, Applicants maintain that they have no legal obligation to show that antibodies 
to any of the claimed peptides would bind to any HCV isolate. It is well within the routine skill of 
one in the art to make that determination, especially in view of the fact that antibodies used in 
the method of the invention recognize and bind to a specific conserved motif of amino acids in a 
large number of HCV isolates. This fact leads one of ordinary skill in the art to the reasonable 
expectation that the antibodies will bind this region in other isolates. 

Moreover, contrary to the Examiner's assertions regarding Weiner et al., Weiner et at. do 
not teach against the present invention. There is no data or teaching provided in the article that 
indicat that th antibodies in the on patient described were directed against the conserved 



14 



USSN 08/061,699 
Docket 0938.001 



motif of amino acids as required by the present invention. Also, the presently claimed invention 
is to a method of passive immunization, that is, administering antt-HCV antibodies before 
exposure to HCV or immediately thereafter (before the virus replicates.) Passive 
immunization is classified as prophylactic, for reasons stated earlier. The study in Weiner et al. 
was of a chronically-infected individual, and thus, the treatment would be a therapeutic one, not 
prophylactic. Administering antiserum alone therapeutically to a chronically-infected individual 
would not be expected to repair existing cell damage caused by the virus(or its toxins) with an 
established foothold of replication in the host. (See Barrett, J.. Basic immunology and its medical 
application , 2 nd Ed., pg. 17.) Accordingly, the disclosure of Weiner et al. is not seen as 
providing the factual support required for the Examiner's doubts about the sufficiency of 
enablement. 

The bases for objection and rejection in Section C are again traversed. It is noted that 
the Examiner continues to look to the 56,000 peptides embraced by the Sequence Listing and 
maintains the requirement that Applicants provide evidence that all 56,000 are immunogenic and 
yield anti-HCV antibodies that will bind to any HCV isolate. (Section C, Sixth) Again, this 
requirement is believed to be outside the scope of § 1 12, first paragraph. Applicants incorporate 
herein their previous remarks traversing this basis of objection and rejection, at pages 13 - 14 of 
the Amendment filed 8/1/95. To stress the salient points, Applicants point out that not all 
positions in the peptide are relevant to the invention. Certain amino acid residues are 
irrelevant to the conserved motif, (e.g., residues 4 and 5 of the 6-mer peptide). Therefore, the 
actual number of combinations available is calculable as the product of the possible residues at 
each of the critical positions (i.e., 1 , 2, 3, and 6). Thus the maximum number of combinations of 
the critical residues allowed in claim 1 is 7x5x2x2=1 40. For the other claimed preferred 
embodiments the maximum number of combinations of the critical residues are 420 (claim 2), 4 
(claim 3), 8 (claim 4), and 1 (claim 5). Furthermore, Section 112 does not require that each and 
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every species of the preferred embodiments be tested, since to do so would frustrate rather than 
advance the public interest. InreBundv . 209 USPQ 48, 52 (CCPA 1981). 

Applicants disagree that they are required to show some nexus between the immune 
response of sheep and that of the baboon. It is well-established in the field of immunology that 
the source of immunoglobulins for artificial passive immunity in humans is either from another 
human or from a lower animal. (See Barrett, J.. Basic immunology and its medical application , 
2 nd Ed., pp. 15 - 16, attached). Barrett reports that several pharmaceutical companies are 
involved in large-scale antibody production in horses, cows, and other animals by active 
immunization, so that the antibodies may be later used in humans to prevent human diseases by 
passive immunization, ibid, .do. 16. There is no reason to believe, and none exists in the record, 
that sheep IgG containing anti-HCV antibodies are not an acceptable source of antibodies for 
passive immunization of a higher primate, such as a chimpanzee or a human being. Nor is there 
any reason to believe that one having ordinary skill, having the present disclosure in hand, 
would not reasonably predict that the observed binding specificity of these sheep antibodies to 
the region of the conserved peptide (Example 2) would also occur in the chimp or a human. 
Absolute predictability is not required by the patent laws. Thus, it appears that the rejection is 
based upon facts within the personal knowledge of the Examiner. The Examiner is requested to 
provide evidence to support this ground of rejection pursuant to 37 CFR § 1 .107(b). 

Section C, Seventh and Section D, Ninth deal primarily with the 30-mer peptide of 
Example 3, the antibodies raised against it, antibody binding specificity, and the protective 
immunization effect achieved therewith. Applicants consider the remarks in the preceding 
paragraph which relate to Example 2 to be relevant herein. Example 2 establishes through 
several overlapping peptides of the 30-mer synthesized that the antibody binding observed was 
consistently to a conserved region located between amino acid residues 401 - 407. It is 
precisely to this conserved peptide region and the antibody raised against it that th claimed 
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subject matter is directed. Hence, the Examiner's statements that 1) there is no disclosure in 
the specification as to which antibodies in the polyclonal antisera against the 30-mer are 
responsible for the result seen in Example 3, and 2) no evidence has been provided showing that 
the claimed peptides, other than the 30-mer peptide of Example 3, can be used to produce the 
inventive antibody and achieve the result seen in Example 3, appears to be in total disregard of 
the enabling disclosure of Examples 1, 2, and 3, and the remainder of the application disclosure. 
It is respectfully submitted that the disclosure as a whole gives rise to a reasonable expectation 
that the limited genera of conserved peptides recited in the claims, and the antibodies raised 
therefrom, would function as alleged and as demonstrated. There is no factual evidence of 
record to the contrary. 

As to the purported failure of the disclosure to identify whether the 
immunoprotective epitope recognized in Example 3 is linear or conformational (Section C, 
Eighth and Section D.Tenth) Applicants again traverse this basis for objection and rejection. 
Again, it is respectfully submitted that this basis is outside the scope required by § 112, first 
paragraph. Applicants' disclosure identifies a polypeptide characterized by a specified 
conserved amino acid pattern, and shown to be immunogenic. This discovery arose from 
Applicants elucidating that from isolates of 90 different HCV strains, the E2/NS1 antigenic region 
contains not only a hypervariable region between variants, but surprisingly, a conserved peptide 
region as well. (Example 1 of the specification) Moreover, the disclosure sufficiently teaches 
one of skill in the art how to use these polypeptides in the raising of antibodies which are also 
useful in various modes of treating and diagnosing HCV in humans. More particularly, the 
disclosure exemplifies how these antibodies are used in a prophylactic treatment, i.e., passive 
immunization, and demonstrate an effective qualitative result. It is to this utility that the present 
claims are directed. Applicants have therefore taught how to make and use the invention within 
the strictures of § 112, first paragraph, and believe that one of ordinary skill in the art would not 
doubt the scope of enablement. Once again, it is respectfully submitted that sufficient reasons 
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for doubting the truth or accuracy of assertions made in the specification must be provided 
before Applicants are obligated to show evidence supporting the truth or accuracy of the claimed 
invention. 

Reconsideration and withdrawal of the objection and rejection under 35 USC § 1 12, first 
paragraph, is respectfully requested. 

Office Action Items 19 & 20: Rejection of Claims 1 - 12 Under 35 USC S 103 Over Ralston et al. 
in view of Houghton et al. 

Claims 1-12 stand rejected under 35 USC § 103 Over Ralston et al. in view of 
Houghton et al. The Office Action states, in part 

"Ralston et al. teach that regarding the E2 antigen 'immunogenic compositions 
may be administered to animals to induce production of antibodies, either to 
provide a source of antibodies or to induce protective immunity in the animal' 
(page 15, lines 15-19). The animal immunized with intact antigen would 
produce a polyclonal antisera containing antibodies against any and all 
immunogenic epitopes expressed on said molecule (e.g. including the conserved 
motif recited in claim 1)." 

Applicants respectfully traverse the rejection. Neither Ralston et al. nor Houghton et al. disclose 
or suggest the immunogenic 6-mer and 7-mer peptide having the conserved motif of amino 
acids as discovered by Applicants. Moreover, absent hindsight, there is no motivation in the 
individual or combined teachings of the cited art to single out the recited conserved 6-mer and 7- 
mer from the tremendously large number of unconsented 6- (64,000,000) and 7- 
mers(1 ,280,000,000) in the intact E2 antigen. Further, absent some clear direction in the cited 
art, there Is no motivation to single out the particular antibodies raised against these conserved 
peptides from an antiserum produced from immunization with the intact E2 antigen and 
containing antibodies against any and all epitopes. Clearly to select Applicants' conserved 
peptide, and the antibodies raised thereagainst, from the generic teachings at pag 15 of Ralston 



18 



USSN 08/061,699 
Docket 0938.001 



et al. would require excessive experimentation. It is submitted that, at best, it would be 
"obvious to try* and this is not the standard for a valid § 103 rejection. 

Additionally, the rejection maintains that because the claim 1 recites a method of using 
an antibody composition "comprising," the purported mixture of antibodies disclosed in Ralston et 
al. constitutes prior art. Claim 1 has been amended to recite a method of passive immunization 
using a substantially isolated antibody that recognizes and binds the class of polypeptides having 
the specified conserved motif of amino acids. Applicants intend by the term "substantially 
isolated antibody" an antibody raised against the conserved motif of amino acids, as exemplified 
in Example 2 of the application. Neither the claims nor the disclosure as originally filed were 
ever directed to mixtures of antibodies from antisera resulting from immunization with the intact 
E2 antigen. The disclosure at, for example, page 7, lines 24 - 29, page 24, lines 20 -23, page 
25, lines 4 - 7, and Example 2 beginning at page 30, is evidence of this and is believed to be 
support for the claim amendment. Accordingly, it is respectfully submitted that the claimed 
subject matter herein is even further distinguished over Ralston et al.. Reconsideration and 
withdrawal of the rejection are respectfully requested. 

Office Action Items 21 2 2 & 23: Objection to the Specification and Rejection of Claims 1 - 12 
Under 35 USC S 1 12. First Paragraph 

The specification was newly objected to and the claims newly rejected under 35 USC § 
112, first paragraph, on the basis that the term "conserved amino acid sequence" in claims 1 
and 7 (both amended) was not supported in the specification as originally filed. The Office 
Action noted the disclosure at page 7, last paragraph, as providing support for the terminology " 
a conserved motif of amino acids," meaning a conserved pattern of amino acids, and not a 
particular conserved amino acid sequence. 
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In an effort to more precisely claim the invention, Applicants have amended claims 1 
and 7 herein to recite that a substantially isolated antibody recognizes and binds to a conserved 
motif of amino acids having the specified formula. Withdrawal of the objection and rejection are 
believed to be proper and are respectfully requested. 

Favorable reconsideration and allowance of all the pending claims, in view of the above 
amendments, remarks and the the attached Declaration Under 37 CFR 1.132, are earnestly 
sought. 

In the unlikely event that the transmittal letter is separated from this document and the 
Patent Office determines that an extension and/or other relief is required, Applicants' petition for 
any required, including extensions of time, and authorize the Commissioner to charge the cost of 
such petitions and/or other fees due in connection with the filing of this document to our Depoist 
Account No. 03-1664. However, the Commissioner is not authorized to charge the cost of the 
issue fee to the Deposit Account. 



Respectfully submitted, 



Date: » ~4 " 




Susan Petraglia 
Reg. No. 34,055 
(T) 703- 418-2777 



Susan Petraglia 

116 6th St. NE, No. 303 

Washington DC 20002 
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?S ati0 " of chil "Pan Z ees against infection by the hepatitis 

(immunization) 

L. B. Cumm IN s*, M. HouohST ND E. lE£w ' " ^'** *• Ch, ng *, B . Mo**, 

225 cX Wd^^^^ CA JS* '^lorv fo " E^rimcnta. Medicine an < Surscry in Primates New York IV 

infect Disease,. National .n^Lio^ SSSig" UV * NM «'K^aZH^ 

Communicated by Rudi Schmid. November 2. 1993 

t^rt? T • / 4 ^ hincidenceof W"»ni U nhy. a cquircd hep- 
atitis C virus infection that can lead to the progressive dev£ 

S °,[ C , hron,c a * iv « «vcr Cirrhosis, and primary 

hepatocellular carcinoma occurs throughout the world A 
vaccine to control the spread of this agent that represents a 
major cause of chronic liver disease is therefore needed. Seven 
tSZ??* ^todytes) have been immunized with both 
putative envelope glycoproteins [El (gp33) and E2 (g P 72)l that 
-ere , copurified from HeLa cells infected with a reSmbuW 

«eak humoral immune response to these viral glycoproteins in 
experimentally infected chimpanzees, a strong humoraMm 

r^T P ° n u ""J ° bta T < in 1111 vacdn «5. The five highest 
responders showed complete protection against an.i.v. chal- 
lenge with homologous hepatitis C virus I. The remaining two 
vaccmees became infected, but both infection and disease may 
I?« V L I in ^niparison with four similarly 

challenged control chimpanzees, all of which developed acute 
hepatitis and chronic infections. These results provide consid- 
erable encouragement for the eventual control of hepatitis C 
virus infection by vaccination. 



The hepatites C virus (HCV) was characterized in 1989 (1 j and 
has been shown (2. 3) to be the major etiological agent of 
parenterally transmitted, viral non-A, non-B hepatiti? HCV 
causes persistent infections in most cases (4) and leads to the 

tZ Z m T ° f Chr ° n,C hepatUis and liver cirrh <«" in -50% 
and 10% of cases respectively (5). A significant proport.on 
of patients with iiyer cirrhosis will also develop primary 
hepatocellular carcinoma (6). The prevalence of HCV infec 
tton around the worid is generally between 0.4 and 2% (7-10) 
although a much higher level has been reported in Ejsvot 
(14%; see ref. 11). Therefore, HCV constitute!" major cS 
of chronic liverdisease throughout the world. With the recent 
development of recombinant^based diagnostic assays for the 
detection of circulating HCV antibodies (2, 3), the risk of 
being infected with HCV after transfusion of blood or cellular 
components has been substantially reduced (12, 13) How- 

!nH r A,? mm » n,ty " aCq ^ ired infection « much more common 
and occurs at various frequencies in high-risk groups such as 
t^iH ^ "sers healthcare workers, and sexual and house- 

the United States appear to have no known risk factor for 
H?vTc ^i nfWti ° n (14) ' ^ the development of an 

ni^an?^ 5 -^ "**4 ^tk & \ly to both thc pestivi- 
ruses and Qavmruses and, like these relatives, appears to 



process v,rion structural proteins from the ^terminal region 
of the poiyprotein precursor encoded by the oositive- 

i7 SC ° f K b ^' C ' presumcd nu cIeoca P sid protein 
(C. =20 kDa) from thc N terminus of the poiyprotein ore- 

<S°k£ Z',t b ? x ™ <E1, -33 kDa and E2, 

-72 kDa). bo h of which represent potential components of 

reriin "S S , 5) are pr ° Cessed from the downstream 
region of the poiyprotein mediated, in pan, by a viral 

protease encoded within the NS3 domain (18-21). Recently 

we have expressed the entire structural gene region of HC V- i 

(encompassing the complete C-. El-, and E2-encoding genes 

along with par. 0 f the downstream N$2. e ncodinc gene) in 

mammalian cells using a recombinant vaccinia virus X 

vector and have been able to copurify the El and E> 

glycoprotcms (g P 33 and gP 72) under nondenaturing C ondC 

nu?L,° m , , endo " ,asmic reticulum. A fraction of the 
punfied material was shown to exist in the form of a large 
fcl/E2 oligomer* complex (22). We now report on the 
efficacy of this purified preparation in vaccinating ch?mpa„- 
zees against experimental infection with HCV-l ^" 

MATERIALS AND METHODS 

Vaccine Preparation. A Stu \-Bgl II cDNA restriction 
'^entoftbeHC^^ 

rln^rfT 8 th * C ° mp,ete C (2 ° ^ El («P33 kDa), and E2 
(£P72 kDa) proteins along with a C-terminally truncated NS2 
product was cloned into thc Sma \ site of plasmid SC59 

ChXbTriTandB M ybfid "jM* 6 «K 
Chakrabarti and B.M.. unpublished work). BSC40 cells nrp 

S %&££%2r h V accinia -« £S 

the bC59 recombinant and thymidine kinase-neiiativc reenm 
puntication (23). Spmner cultures of HeUcells (10» cells ner 

Alter lvS hS^f SlCd I 4 * latc . r by ^ I,ctin 8 ""d freezing 
5!1 I n ! bV D0U0Ce h0m ^eni2ation in hypotonic buffer 

-d El ( 3 W S)Ifa^ 

KISi::- I d E2 (72 fcDa) were selectively copurified 

(Vector ^.^tories) and fast-flow S-S ep ha. 
rose cation exchanger (Pharmacia). The yield of Fl /F2 frnt 
120 liters of infected HeLa cells ^lTm g (S^^ 
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which was used to immunize five chimpanzees (Pan troglo- 
dytes; L357, L653, L534, L559, and L470). Plaque assays 
verified the absence of live rVV in the purified preparation. 
Two other chimpanzees (WS176 and WS181) received an 
identical E1/E2 subunit vaccine derived from a 3' truncated 
cDNA fragment (nt -63 to +2718; aa 1-906). There were no 
differences in the sizes of El and E2 derived from either 
cDNA fragment. Recombinant nucleocapsid (C) subunit was 
synthesized by directly expressing a cDNA fragment of 
HCV-1 encoding aa 2-120 in yeast. After extraction in 5 M 
urea and subsequent dialysis, the C protein was purified to 
homogeneity by successive chromatography on Q- and 
S-Sepharose (Pharmacia) . 

In two chimpanzees (L534 and L47Q), the above live rVV 
(*5 x 10 B plaque-forming units) was administered by scari- 
fication and by intradermal inoculation on week -76. 

Immunization and Challenge of Chimpanzees. Chimpan- 
zees were injected i.m. with 1-2 ml of recombinant HCV 
antigens combined with an oil/water micro-emulsified adju- 
vant according to regimens summarized in Table 1. Two 
chimpanzees (WS181 and WS176) received 18 immunizations 
over a 9-mo period, whereas the other five animals received 
just three injections at ^O, 1. and 7 mo. Two of these five 
chimpanzees (L534 and L470) were immunized initially with 
the live rVV (Table 1). AH chimpanzees were challenged 2-3 
weeks after the final boost with =*10 chimpanzee infectious 
doses (ClDso) of HCV-1 administered i.v. in 1 ml of autolo- 
gous serum obtained before commencement of the entire 
vaccination schedule. The challenge virus was present in a 
plasma pool derived from the chronic phase of infection of 
chimpanzee no. 910 and shown to have a chimpanzee infec- 
tious titer of ^lO 6 CID 50 per ml in 1985 (25). This inactivity 
titer was confirmed by us in 1992 immediately before chal- 
lenging the vaccinated chimpanzees. (Six chimpanzees chal- 
lenged i.v. with 1 ml of a 10 -4 dilution all became infected, 
as did two additional chimpanzees challenged i.v. with 1 ml 
of a 10" 5 dilution. Of two further chimpanzees challenged i.v. 
with 1 ml of a 10" 6 dilution, only one became infected. These 
chimpanzees were monitored as described below.) 

Monitoring of Chimpanzees. Pan troglodytes were main- 
tained under standard conditions for the humane care of 
chimpanzees (26). Published procedures were followed in 
measuring serum alanine aminotransferase (ALT) levels (27). 
circulating HCV antibodies (2. 3), and HCV RNA (28) in 
extracts of plasma (drawn in EDTA), liver biopsies, and 
peripheral blood lymphocytes (PBL) using PCR. Liver biop- 
sies were also examined in the electron and light microscope 
for evidence of ultrastructural alterations and inflammatory 
activity, respectively, as described (27). 

RESULTS 

A total of four chimpanzees were used as controls for i.v. 
challenge with «10 CID J0 of HCV-I. HCV RNA was first 
detected in plasma samples obtained cither 1 week (Fig. 1; 
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L521. WS177, and L439) or 2 weeks (L663) after challenge. 
All of these animals were viremic at the most recently 
sampled times (>32 weeks after challenge), although some 
had been periodically negative in PCR assays of plasma 
samples (Fig. 1, L521 and L663). Viral RNA was detected in 
extracts of liver biopsies from chimpanzee L439 obtained 8 
and 12 weeks after challenge, although viral RNA was not 
detected in washed PBLs obtained 12 weeks after challenge, 
even though HCV RNA was detected in the plasma at this 
time (Fig. I). All four control animals experienced acute 
hepatitis, as evidenced from a significant rise in serum ALT 
levels within 2-6 weeks after challenge. Peak ALT values 
were recorded 4-16 weeks after challenge (Fig. 1). Of the 
three animals from whom liver biopsies were examined in the 
electron microscope, undulating endoplasmic reticulum, 
membranous tubules, and rings first appeared within hepa- 
tocytes by 1-3 weeks after challenge (Fig. I). These changes 
are characteristic of HCV infection of this species (27). 
Antibodies to the recombinant C25 antigen (a chimeric poly- 
peptide composing parts of the C, NS3, and NS4 domains; 
ref. 3) appeared in all control animals (by week 11 or 12). In 
contrast, antibodies to the purified El and E2 glycoproteins 
remained undetectable during the follow-up period (24-36 
weeks after challenge; Fig. 1). This low seroconversion rate 
to the El and E2 glycoproteins (and to the C protein) was 
confirmed in an expanded study of chimpanzees that were all 
chronically infected with either HCV-1 or the highly related 
H strain (ref. 29; Table 2) and is in contrast to the very high 
(s95%) seroprevalence of these antibodies observed in pa- 
tients from the United States with parenterally transmitted 
chronic non-A, non-6 hepatitis (30). Even when present in 
experimentally infected chimpanzees, titers of antibodies to 
the purified El and E2 glycoproteins were substantially lower 
than those measured in infected blood donors and chronically 
infected patients (Table 2). 

Seven chimpanzees were vaccinated with the purified 
E1/E2 antigens with different immunization protocols (Table 
1). Reactive antibodies were induced in all of these animals 
but with a wide range of titers (Fig. 1). When challenged with 
the same dose of HCV-1 used to successfully infect"" all four 
control animals, none of the five vaccinces with the highest 
antibody titers at the time of challenge became viremic at any 
time during the follow-up period of at least 33 weeks (Fig. 1; 
L357, L653. L534. L559, and WS176). Plasma samples were 
consistently negative in PCR assays for viral RNA as were 
liver and PBL extracts obtained at two different times (Fig. 
1 : liver and PBL extracts were not tested from WS176). None 
of the five animals seroconvened to anti-C25 and of the four 
tested, none showed any hepatocyte ultrastructural changes 
characteristic of infection (Fig. 1). Serum ALT values re- 
mained generally within the normal range (Fig. 1), and there 
was little evidence for cither periportal or parenchymal 
inflammation of the liver in contrast to the significant levels 
observed in three of the four control, infected animals (data 
not shown). Thus, these five vaccinees were effectively 



Table 1 . Chimpanzee immunization protocols 




E1/E2 (gp33/gp72) 






Chimpan2ee no. 


subunits. MS 


Adjuvant* 


Vaccination schedule 


WS181 and WS176 


3 


MP59 and MTP (10 /ig) 


Every other day between weeks -41 and -37 








(15 times) 




30 


MF59and MTPdOO Mg) 


Weeks -28. -22. and -2 


L653 


40 


MF 59 and MTP (100 pg) 


Weeks -34, -29, and -2 


L559. L357. and L534* 


40 


MF75 and MTP (100-400 ng) 


Weeks -31. -26. and -3 


L470+* 


40 


MF75 and MTP (200-400 ^fi) 


Weeks -31. -26. and -2 



All chimpanzees were challenged with MO ClD< 0 of HCV-1 on week 0 by i.v. inoculation. 
"The compositions of. MP59. MF75. and muramy) m peptide (MTP) were as described (24). 
*L534 + L470 were initially primed with Jive rVV on week -76. 
'Also coimmonized with 40 pg of recombinant nucleocapsid <C) subunit in same weeks. 



1296 Medical Sciences: Choo et al. 



P-009 MAR 07 '96 18:38 
Proc. Natl. Acad. Set. USA 91 (1994) 




-25 -30 -IS .10 -J O S » U » 8 » » 40 -35 -30 *4 -40 -15 -10 -SO 5 10 IS SO » » Si 40 43 



306- 


EM 

PCfl-PLASMA — 


l_MHBQ 0 o o ad 


2»J 






20Oh 


(.663 -CONTROL 


i 


1S0- 






(OQ- 






SO. 






0- 


'■■ i— i — i — 1»» -i — r \ Qio i — i ■<> — 



0-4 0 S 10 U JO J4 30 33 40 




•JS -30 .25 -20 -IS -10 -SO S 10 IS SO 24 30 



TOO 
'40- 



fcR.Pi.ASMA 

PCR.LIVEH 

PCfl.PBL 


1 IBP OD B 


i " 


L5W. VACCINAE 




1 1 I 


I * 5 




PCR4.1VER 



L$S3 -VACC1NEE 

li I 



-35 -SO .25 -20 -t$ -10 -S 0 5 10 15 20 25 30 34 40 -35 .30 -25 -20 -1S -10 -4 0 5 10 5 5 20 25 30 35 40 



01 ^» l "" l «^>tH !■ | * I— I * ' ill 1 * f H I »" - 4 * 4+4 , 4* , . ■ , . i I T ■■ 4) <f. ■ ■ , ■ -. 

-44 -«0 -3S -30 -23 -20 -IS -10 .5 0 5 10 1S 20 25 30 35 40 -35 -SO -25 .20 -15 -10 -5 0 S 10 15 80 25 SO 34 40 




300- 
aso 
200 
150 

100-j 
50-" 
0 



WS1R1.VACC1NEE 




WEEK 



.200 



Fie 1. HCV-l challenge of vaccinated and control chimpan- 
zees. Control and immunized chimpanzees (L, Laboratory for 
Experimental Medicine and Surgery in Primates; WS, White 
^a^uatu , ,- JL v . Sands) were challenged with *10CID^ of HCV-larKimomtored 

fl^ -f- f Pr* cn< * <*>M ^x^s) or absence (open boxes) of hepatocyte ultrastructural changes observed in the electron microscope 
(EM) is indicated. The approximate relative levels of HCV-l RNA detected in plasma using reverse transcriptase (SOVPCR assays are reflected 
ny sizes of the shaded circles (open circles denote borderline positives; minus signs denote undetectable levels). The results of RT-PCR assays 
S er F "J PB ^ T ex "? cls « rtco ^ A * cithc r + <* - . Note that the scales for mu-C2S and anti-El/EZ (gp33/gp72> are different in animals 
L439, L470, and L559. respectively, and are expressed as the product of the ELISA OD reading in the determined linear range multiplied by 
the serum dilution factor. The arrows id the ALT axes indicate the mean + 3.75 SD of prechalienge values: open vertical arrows notate rime 
of subumt vaccine administration, and the solid vertical arrow denotes viml challenge on week 0. IU/L, international units per liter 
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Table 2, Prevalence of HCV antibodies in chimpanzees chronically infected with HCV-1 or HCV-H stiains 



Prevalence of HCV protein domain (antigen) 


Antigen 
Ratio 


C 

(C22) 
4/14 (29%) 


E2 El and E2 NS3 NS4 

<gp43) <gp33/gp72) (C33C) (C100) 
2/14(14%) 4/10' (40%) 14/14(100%) 12/14(86%) 


NS5 

(NS5) 
6/14 (43%) 


C. NS3. and NS4 

(C25) 
14/14 (100%) 



of 2:36 weeks and £13 yr duration. 

•Titers of positive samples were 23, 30, 177, and 477 (range, 0-477; mean, 71) and compared with titers of between 395 and 
39,720 (mean, 4186) seen in infected blood donors and chronically infected patients (n = 25). 



protected against experimental infection. In contrast, the two 
animals exhibiting the lowest antibody response to the vac- 
cine at the time of virus challenge both clearly became 
infected and seroconverted to anti-C25 as well as to individ- 
ual nonstructural proteins (L470 and WS181, Fig, 1 and data 
not shown). However, viremia was delayed to the third week 
after challenge in L470 and was generally lower than ob- 
served in the four control, infected animals (Fig. 1). Also, this 
animal showed no ultrastructural alterations within hepato- 
cytes, exhibited serum ALT levels that were only minimally 
elevated (Fig. 1). and developed less liver inflammation than 
observed in three of the four control, infected animals (data 
not shown). Both animals have also been negative in the most 
recent FCR assays for viral RNA (Fig. 1). 

DISCUSSION 

4The striking protection observed against viral challenge in 
,'five of the seven vaccinees appeared directly related to the 
"level of the vaccine-induced antibody response. Antibody 
: titers of =« ==15,000 (Fig. 1) apparently resulted in protection 
'against both infection and disease, from a challenge dose 
(=«10 CIDjo) that may be representative of that transmitted in 
?many community-acquired infections of this generally low- 
titer viral agent. Slight increases in serum ALT levels were 
Observed in some of these protected animals (L559. L653. 
and WS176), but there were no additional markers of infec- 
tion present and sensitive RT-PCR assays for viral RNA of 
plasma, PBL, and liver samples were ail negative (Fig. 1). 
Conceivably, these animals might have undergone a mild, 
abortive infection. Alternatively, the minimal ALT eleva- 
tions may have been as a result of performing frequent liver 
biopsies during this period, either as a direct consequence of 
the anesthesias and/or as a result of minimal, needle-induced 
liver damage. 

Only one of the Five protected animals was initially inoc- 
ulated with live rVV (Table 1 and Fig. 1 animal L534), and the 

B1/E2 antigen purification scheme was shown to inactivate 

L he original vaccinia virus used as the expression vector. In 
lition, two of the five protected animals were immune to 
Bccinia as a result of a previous inoculation with the live, 
lld-type WR vaccinia virus (Table 1 and Fig. 1. L357 and 
553). Therefore, the observed efficacy of the subunit vac- 
me was clearly not dependent on priming and/or boosting of 
"10 immune response by live rVV. 
Two of the seven vaccinees became infected after viral 
nallcngc; these were animals that failed to respond well to 
* final vaccine immunization and which, therefore, had the 
*cst antibody titers at the time of viral challenge (Fig. 1. 
,70 and WS181). However, infection was retarded and 
hlbitcd in one of these animals, as was the acute phase of 
tat His (Fig. 1, L470). Interestingly, both of these infected 
tociticcs were negative for viral RNA in the most recent 
* k PCR assays, at which time liver functions had returned to 
rmai (Fig. 1). Thus, these animals may have resolved their 
"to infections. It will be very important to confirm this 
POMicsis from further follow-up studies of these animals 
Cause ail eight control chimpanzees experimentally in- 
Dle d with HCV-1 during our studies have developed 



chronic infections (Fig. 1 and data not shown). Thus, vacci- 
nation may stimulate the resolution of acute infection in those 
cases where primary infection is not prevented. 

A wide range in vaccine -induced anti-El/E2 levels was 
obtained among the seven animals at the time of viral 
challenge (Fig. 1; range, 7,300-229,920; mean, 48.391), which 
were generally higher than the levels observed in infected 
blood donors and chronically infected patients (range, 395- 
39,720; mean, 4186; n = 25) and which were considerably 
higher than the levels found in chimpanzees chronically 
infected with either HCV-1 or the highly related "H" strain 
(Table 2; range, 0-477; mean, 71; n * 10). This nonexistent 
or weak humoral immune response to the virion proteins 
observed in unimmunized, experimentally infected chimpan- 
zees relative to infected humans (see ref. 30 and Table 2) 
suggests that the immunogenicity of the vaccine may, in turn, 
be substantially higher in humans than chimpanzees. In 
addition, immunogenicity data obtained by using recombi- 
nant glycoproteins of herpes simplex virus type 2 suggest that 
antibodies induced in human volunteers (31) are substantially 
more stable than in nonhuman primates (32). Thus, the 
stability of HCV vaccine-induced antibodies may be antici- 
pated to be greater in humans than that observed in our 
vaccinated chimpanzees in which a rapid turnover was 
observed (Fig. 1). Future immunogenicity studies in humans 
will answer these important questions. It is also interesting to 
note that the weak or nonexistent humoral immune response 
to E1/E2 observed in our experimentally infected chimpan- 
zees could account for the ready ability to re-infect chim- 
panzees with homologous viral challenges (33, 34). 

Although the HcLa cell-derived vaccine used in the current 
studies was clearly efficacious, an earlier study involving the 
immunization of two chimpanzees with a combination of 
partial El (aa 199-330) and partial E2 (aa 404-661) antigens 
derived from yeast and insect cells, respectively, failed to 
protect both animals from infection after challenge with 
either *=I00 or =d0 CIDjo of HCV-1. However, the resulting 
hepatitis in one animal (10 CID50 challenge) was milder than 
that in unimmunized, infected control animals, whereas in the 
other (100 CIDjo challenge), chronic infection was not estab- 
lished (M.H.. unpublished work). Another previous study 
involved the immunization of one chimpanzee with live rVV 
followed by just a single dose of HeLa-derived El (gp33) and 
E2 (gp72). Although the induced antibody response was not 
high enough to prevent infection after challenge (^100 CID^ 
of HCV-1), the resulting hepatitis was ameliorated in com- 
parison with that in control, infected animals (M.H., unpub- 
lished work). These data indicate the importance of both 
antigen selection and immunization regimen in vaccine effi- 
cacy. The current study reported here did not evaluate 
efficacy _ against a challenge of >=*10 CID50 of HCV-1. 
Further investigations are required to address this potentially 
important issue. It should also be emphasized that the 
vaccinees in this study were challenged within a few weeks 
of the last boost at a time when antibody levels were maximal. 
The effects of challenging at later times on the development 
of both acute and chronic infection remain important issues 
for the future. 
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Another important issue relates to the observed heteroge- 
neity of HCV. At least six related, but nonetheless distinct, 
genotypes have now been distinguished from phylogenetic 
analyses, and at least some of these virus types are composed 
of more than one subtype (35). The primary amino acid 
sequences of the putative envelope glycoprotein domains 
differ by up to 50% (at least), suggesting that multivalent 
vaccines may be required for global protection. However, the 
results reported here offer substantial encouragement and 
optimism for achieving effective control of HCV infection. 

We are indebted to the staffs of the Laboratory for Experimental 
Medicine and Surgery in Primates and White Sands Research primate 
centers for animal care. Drs. G. Gallo and R. Bronson for electron 
and light microscopy. M. Moghadam for technical support. T. 
Calarco for graphics. P. Anderson for word processing and R. 
Sckulovich for advice on vaccinia manipulations. This work was 
supported by the Biocine Company. (Emeryville. CA) 
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14 Basic immunology and its medical application 



before vaccines were available, have a higher 
incidence ol poliomyelitis than nonpregnant 
women uf "the same age group. Many ol these 
features modulate both natural resistance 
and acquired immunity. 

ACQUIRED IMMUNITY 

The immunity an individual develops is 
traditionally discussed under the heading of 
acquired immunity. Unlike natural resis- 
tance, which is a broad-spectrum resistance 
not directed against any particular pathogen, 
acquired immunity is expressed most typi- 
cally against a specific pathogen and develops 
as a result of exposure lo that pathogen. 

Acquired immunity is the result ol an 
adaptive reaction l>y two major cell groups 
of the host in response to a threat lo the 
host's continued existence. Each ol these 
cell groups is eomposccb-ol two subgroups. 
The lymphocytes may be categorized by 
many characteristics as either B or T cells. 
The B lymphocytes, or more properly their 
progeny, the plasma cells, arc responsible 
for humoral (circulatory) immunity brought 
about by antibodies (immunoglobulins) that 
they produce. The T lymphocytes serve as 
a major component ol the cell-mediatiul im- 
mune system. The second cell group, the 
phagocytes, includes the granulocytic cells 
and the macrophages, derived horn mono- 
cytes, as its two subgroups. 

Antibody-mediated immunity 

Immunity based on antibody formation is 
the most formidable type of immunity against 
most bacterial infections and bacterial toxins. 
Antibodies also contribute to immunity 
against other forms of infectious organisms, 
lmmunoglobul in-based acquired immunity 
is conveniently subdivided into that which is 
actively acquired and that which is passively 
acquired. 

In active immunity the individual synthe- 
sizes his own antibodies, whereas in passive 



immunity (he individual receives antibodies 
either from another human or from a lower 
animal. Both active and passive immunity 
may be subdivided, depending on whether 
the immunity is acquired by natural or ar- 
tificial means: 

Acquired immunity 
A Active 

1. N;ilin:illv ;icc|iiii<-d 
2 ArliW'iirily ;ic<|«i«ied 
H. I'assKi- 

1. NatuniHy ,i<-4 |ii ■ rccJ 

2. Artificially ;tct|iiiied 

Naturally acquired immunity should not be 
confused with natural immunity (natural re- 
sistance). 

Active immunity. A degree ol naturally 
acquired active immunity results Irom any 
infection from which a person recovers, 
whether the illness is serious or subclinical. 
During the illness the individual receives an 
antigenic stimulus that initiates antibody 
production against the specific pathogen in- 
volved. On subsequent visitation by the 
same or an antigenicaily related pathogen, 
the antibodies will be present to assist in 
the body's defenses. Because many microbes 
produce diseases with a high mortality, this 
is obviously not a very satisfactory way ol 
developing immunity. 

A major goal of immunologists interested 
in preventing infectious diseases has been 
the development of vaccines or toxoids that 
can be used in immunization. The immunity 
resulting from the injection of these im- 
m Imogens is said to be artificially acquired, 
since it is man-made. Vaccines consist of 
killed or living organisms or specific fractions 
of them such as cell walls or capsules Killed 
vaccines tend to be less ellective than living 
vaccines. To receive the benefit ol a living 
microorganism without the risk of its in- 
herent pathogenicity, a great effort has been 
expended to develop attenuated vaccines. 
Attenuated vaccines consist of viable but 
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weakened organisms, which produce only a 
mild infection in normal persons. Those with 
an immunodeficiency disease should not re- 
ceive attenuated vaccines, since organisms in 
the vaccine will continue to multiply and 
cause a serous disease in such persons. Table 
2-2 lists several killed and attenuated vac- 
cines used in human medicine. 

Toxoids, which are also excellent antigens, 
consist ol the detoxified but still antigenicaliy 
active poisons excreted by certain bacteria. 
The change (nun toxin to toxoid can be made 
simply, olten by merely adding formalde- 
hyde to the toxin. Antibodies against toxoids 
are fully reactive with the native toxin. Tox- 
oids are considered to be one ol the most 
success! ul immunizing reagents and produce 
a strong immunity against diseases caused by 
toxigenic bacteria (e.g., tetanus and diph- 
theria). Antibodies against toxoids are known 
as antitoxins (Trthlu 2-2). 

Passive immunity. Passive immunity may 
also lie net mired by natural or artificial 
means. Naturally acquired passive immunity 



usually refers, at least in humans, to the 
transplacental passage ol antibodies from the 
mother to her unborn child during the latter 
part ol pregnancy. Tins is caused almost en- 
tirely by lgG, since IgM. IgD. and IgA do 
not cross the placental barrier Antibodies 
may also be passed Irom a woman to her 
newborn child through colostrum, which 
contains secretory IgA and secretory IgM but 
very little of the other immunoglobulins. 
Since the digestive system ol the newborn 
infant is poor ly developed, breast-fed babies 
can absorb these immunoglobulins directly 
horn the gastrointestinal system. Even il not 
absorbed, these antibodies may passively 
coat the infant s digestiv e trad and ward oil 
intestinal infections. Naturally this system 
cannot operate in bottle-fed babies, and it is 
probably not too effective in breast-led ba- 
bies because the mother gradually reduces 
her secretion ol these antibodies and the 
baby s digestive system soon begins to catab- 
oli/.e them. 

Passive immunity ol the artificial type re- 



Table 2-2. Immunizing reagents lor leading bacterial and viral infections 



Disease 


Etiologic agent 


Nature of immunizing agent 


Uii< tetial 






C"l)((l<T;l 


Vibrio r.halerae 


Killed bacteria 


DiplltlllTHI 


Corijnehucteriinn diphtheritic 


Toxoid 


Men infill-. 


Neisseria meningitidis 


Oiipsulai puis s.ieeli.ii ide 


IVitussi* (wliiM)pini: i-mijjli) 


iinrdviella pertussis 


Killed Di'KJiii.Miis 


I'liiKiic 


Yersinia pal is 


Killed li.ieleri.i 


PlK'lllllUIIU 


Streptococcus pneumoniae 


Capsular polysaccharide 


T CtatlUS 


Clostridium tela ni 


Toxoid 


Tulierculasis 


Mycttl meter ium tuberculosis 


AUei>i.;i(e<l HCC (Inttille Oalineltc-Ciei in! 


Tularemia 


!• rancisella tiilarcnsis 


Live attenuated or killed organism 


Typhoid Ivwi 
Viral 


Salmonella species 


Killed l>aetena ol three major species 


IlllllU'n/.l 




Inactive 


NUsisk-s 




Attenuated 


Mumps 




Attenuated 


Poliomyelitis 




Inactive 111 attenuated 


\\.,\tics 




liiactiv e 


KiilVlla 




Attenuated 


Smallpox 




Atleiioated 


Yellow lever 




Atlcnoaled 



16 Basic immunology and its medical application 

fcis to the original production of antibodies 
in some other individual (either human or 
lower mammal) and the acquisition of these 
antibodies through a needle and syringe In- 
jections of hyperimmune serum, antiserum, 
antitoxin, ^-globulin, or immune serum are 
examples of tl'is type of iminuni/ation. Sev- 
eral pharmaceutical eompanies are involved 
in the large-scale production of antibodies in 
horses, cows, and other animals by active im- 
munization so that these antibodies may he 
used later to prevent human diseases by pas- 
sive immunization. A nunc limited program 
for the hvperiinnuiiii/ation ol humans is de- 
signed for the same purpose. 

A special form of antibody-related immu- 
nity is exemplified by adoptive immunity 
wherein antibody-forming cells are trans- 
ferred from one person to another. This is 
practiced only when the- recipient has a 
genetic immunodeficiency disease. 

Comparison of active and passive immu- 
nity. Active and passive immunity must be 
compared on a broader basis than whether a 
person makes his own antibodies; it is also 
critical to know whether immunity has been 
naturally or artificially acquired. There are 
other important and sometimes subtle dif- 
ferences between the two, most of which are 
summarized in Table 2-3. 
The comparative effectiveness of active 



and passive immunity is heavily weighted 
in favor of the former. This is related to sev- 
eral (actors, one of which is the duration ol 
the immunity. Active immunity is known to 
persist lor relatively long periods, usually 
years, without reactivation through booster 
immunization. This is true because once 
lymphocytes and plasma cells are activated 
to produce antibodies, they continue to do so 
for the lifetime of the cell. In passive im- 
munization, this does not happen. The in- 
jected antibodies are removed from the circu- 
lation without internal replacement, and the 
immunity can then be Hired h correlated 
with the amount of antibodies injected and 
their half-life. The half-life of human anti- 
bodies in a human is about 30 days, but the 
half-hie of equine or bovine antibodies in a 
human is about 7 days. It must be remem- 
bered that foreign serum proteins, including 
y-globulins, function much like foreign mi- 
croorganisms in the recipient, who then 
makes antibodies against the antibodies. This 
results in their speedy elimination. 

Of course, passive immunity can be quick- 
ly restored or maintained by repeated injec- 
tions of the antiserum This is satisfactory 
when human antiserum is employed, but not 
when antiserum from a foreign species is 
used. In this instance the possibility of ana- 
phylaxis or serum sickness is great (Chapter 
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Table 2-3. Comparison of active and passive immunity brought 
about by immunoglobulins 



Active immunity 



Source 

Efl'ecliveness 

Mettic*] 



Time to de velop 
Duration 

Ease of ivavtnatioii 
Use 



Sell 
High 

Disease itself, clinical or siiln.link.al 
Imm.iniAUimi by (a) killed or at- 
tenuated vaccines or (b) toxoids 
5 lo 14 days 

Relatively Iniifc, perhaps yews 
Kasy (by booster) 
Prophylactic 



Passive immunily 



Another human or a lower animal 
Moderate to low 
Maternal transplacental traiislcr 
Injection 

Immediate on injection 

Relatively short, a Jew days to several weeks 
Dangerous. -possible anaphylaxis 
Prophylactic and therapeutic 



f. 
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10), anaphylaxis ilscll being a life-threatening 
proposition. On lite oilier hand, the reactiva- 
tion oi active immunity by "booster" injec- 
tions ol the vaccine or toxoid is a compara- 
tively risk -free method and one thai is com- 
monly utilized. 

It must be pointed out that high -efficiency 
active immunity requires 5 to 14 days alter 
the primary immunization to develop. This is 
the lime it takes fur protective quantities 
ol antibodies to appear in the serum. Alter 
booster injections ol antigen, only 1 to 3 days 
arc required. With passive immunization, 
protection is provided immediately on com- 
pletion of the injection. 

Active immunization is usually restricted 
to prophylactic (preventive) applications by 
which the person receives the immunization 
iai" in advance ol exposure to the infectious 
agent. Under special conditions (e.g. , rabies, 
smallpox) when-tlie incubation time of the 
disease is longer than the time required for 
antibody formation, it is possible for the in- 
dividual to be immunized after exposure. 
Passive immunization can also he used pro- 
phylac (ically, that is. prior to oi immediately 



after exposure, in indiv iduals who have not 
been actively immunized. Passive immuniza- 
tion (but not active immunization) can also 
be used therapeutically. Unlortunately this 
is a relatively inefficient process because the 
organisms or their toxins may have created 
considerable undetected cell damage prior to 
the administration ol the antiserum. None of 
this damage is reparable by antiserum alone. 

Primary and secondary immune response. 
The initial hurst of immunoglobulin forma- 
tion alter the first exposure to a vaccine, or to 
any antigen of which it is composed, is re- 
ferred to as the primary immune response 
(Fig. 2-2). This term is used even if protec- 
tion does not result from the antigen expo- 
sure (e.g.. the exposure to ragweed pollen 
or to allergens). Not until 5 to 14 days alter 
this primary antigen exposure is it possible 
to detect immunoglobulins in the blood. This 
does not mean that this amount of time 
passes before antibody production begins; it 
means only that it takes that long before the 
quantity of antibody in the blood is sufficient 
to be detected easily. The amount of anti- 
body in the blood increases gradually over 



Primary immunoglobulin response [ Secondary immunoglobulin response 



Antigen reinjected 




Time scale 



fig. 2-2. Diflercnee in IgC response to primary and secondary exposure to antigen indicates why it is 
I en iied the memory antibody. I(»M , illustrated to exhibit no "memory." usually shows a slight anamnestic 
res | X) 1 1 sc. 



